Radio seeker in a semi-active homing guided missile system is a crucial subsystem for performance analysis and development. The signal at the front and rear receivers are mixed to shift the carrier frequency to an intermediate frequency (IF) where the target's Doppler shift can be detected. Such a system has various sources of uncertainties that may significantly affect the radio seeker ability to detect a target correctly including noise, clutter, jamming, and target maneuvers, etc. Uncertainties may lead to degrade the performance of a CW Doppler Monopulse seeker. This paper investigates a semiactive homing missile guidance and control system in presence of jamming, noise and uncertain target maneuvers. In particular, the paper introduces an Electronic Counter Counter-measurements (ECCM) technique that degrades the effectiveness of blinking jamming (BJ) and multiple blinking jamming (MBJ) techniques. These two selfscreening ECM techniques are sources of incoherent deception, where they attempt to attack the tracking dynamics of the angle-tracking radar and, hence, may be effective against some types of Monopulse radar as well as other tracking radars. A mathematical model of a typical Monopulse tracking seeker is presented. A three-degrees-of-freedom missile-target engagement simulation model is carried out under MATLAB/SIMULINK environment for testing and evaluation. Simulation results are given. The paper is terminated with conclusions.
Fig. (1) Semi-active homing system
Semi-active homing requires the target to be continuously illuminated by the external radar at all times during the flight of the missile. The illuminating energy may be supplied by the target-tracking Ref. signal Proceedings of the 6 th ICEENG Conference, 27-29 May, 2008 EE214 -3 radar itself or by a separate transmitter collimated with it. The radar energy reflected by the target is picked up by a tracking receiver (radio seeker) in the nose of the missile and is used by the missile's guidance system. The block diagram of a CW Doppler Monopulse tracking radar with additional proposed ECCM circuit is shown in Fig. 2 . The Phase Lock Lope (PLL) is initially in lock without static phase error. i.e. the central angular frequency of the VCO is equal to the angular frequency of the useful input signal. The VCO output signal can be obtained as follows; 5 11 cos( ) 
where /2 o ωπ is the VCO central frequency, o ω is the loop natural frequency, and ξ , is the PLL damping ratio. In the presence of an unwanted signal, there are two sinusoids of different amplitudes and frequencies existing at the input of the PLL (y4). This happens in case of presence of interference signal or two targets in the FOV of the missile's front antenna. The sum channel signal at the output of the first mixer (y1 in Fig. 2 ) is given by [9] , [11 
Proposed ECCM Circuit Description
Angle deception ECM techniques are considered the most effective jamming techniques facing the semi-active radio guided missiles. In order to overcome their effects, the missile must apply more than one ECCM technique simultaneously. Thus, this paper proposes an ECCM in addition to its logic circuit implementation against angle deception techniques. Then it demonstrates its effect on a missile system under static and dynamic missile flight conditions in the presence of angle deception ECM. The proposed ECCM is a hybrid technique applicable to CW Doppler monopulse seekers, where it is based on the following ECCM techniques:
Angle gate
This technique is implemented by using a control circuit for zeroing the angle tracker output whenever the measured angle error exceeds a certain threshold level. This circuit is not used during the initial target acquisition. By using this technique the effective missile antenna beam width is reduced to approximately the set reference angle, providing fine angle discrimination. In addition, it decreases the effect of multiple target barrages jamming, multiple target blinking jamming, side lobe standoff jamming, and some forms of main lobe standoff jamming [9] [10] [11] .
Angle Offset
' This technique is implemented to improve the missile sensitivity to any abrupt change in the tracking error signal developed in the mono pulse receiver. In addition, it develops an equal and opposite error signal in order to switch the antenna to the opposite direction. Thus, the induced angular error will not be developed due to jamming and the antenna position will keep changing around the target LOS.
Servo-Bandwidth Variation
This technique is implemented by controlling the servo-bandwidth as a function of time such that the longer the target-missile range, the less servo bandwidth is required. That is, the servo-bandwidth is controlled to be initially small and gradually increases with time. This small initial value of bandwidth reduces angle sensitivity and slows down the response, in order to reduce susceptibility to on-target angle-deception ECM techniques [11] .
Fig. 3 functional block diagram of the proposed ECCM circuit
The output of the angle-gate circuit in each channel is given as follows: Then these signals are applied to the angle-offset circuit. Within the angle-offset circuit, the input signal is split into three signals: one of them is delayed by 1 T ∆ yielding 1 ( c e tT −∆ ), and then compared with the input signal ec(t) (second) via a comparator. If there is any abrupt change in the input tracking error signal ec(t) due to jamming effect, it will be sensed by the comparator yielding an output with amplitude which is related to that abrupt change value, and is given by:
) In order to reset the effect of the angle-offset circuit whenever there is no abrupt change in the input tracking error, the comparator output is controlled to be "0" whenever it does not exceed a certain threshold value. Thus, the comparator output Co(t) is applied to two parallel controllers, which are adjusted at positive and negative thresholds. The threshold values are kept small enough in order to detect a very small abrupt change in the tracking error. At this time the two parallel controllers output will be equal to the abrupt change value, and is given by: (28) Then this signal is amplified with gain (G=-2) to develop a control signal, which is used in the offset operation, and is given by:
This signal is delayed again by 2 T ∆ and added to the output of the angle-gate circuit output c e (t) to carry out the offset operation. The resulting signal in each channel is given as follows:
The signal 1 () et is then applied to a limiter in order to limit any unwanted overshooting in the circuit reactions. The upper and lower threshold values of this limiter are chosen to be related to the main antenna beam width in order to keep the signal in continuous processing used in the offset operation, and is given by:
The signal 1 () et is then applied to a limiter in order to limit any unwanted overshooting in the circuit reactions. The upper and lower threshold values of this limiter are chosen to be related to the main antenna beam width in order to keep the signal in continuous processing.
Static-Circuit Response to Tracking Error Signals
The proposed ECCM circuit is modeled using the SIMULINK as shown in Fig. 4 , where it consists of angle-gate and angle-offset circuits. These circuits are connected in series with the servo bandwidth controller. The input of this model is the output tracking error signal obtained from the mono pulse tracking system. The model output is applied to the antenna servo transfer function which is given as follows [9] error voltages are adjusted at 0.8 and -0.8 volt respectively, in order to control the antenna main beam width by gate width equals 4 degrees, in addition, the two parallel controller of the angle-offset circuit are simulated by two relays, which are adjusted at 0.6 and -0.6 volt. These threshold values are chosen to pass the tracking error signal of the tracked target that produces a high maneuver without any distortion.
Fig. 4Block diagram of proposed ECCM Case 1: Response without jamming
The simulated tracking error signal (e) is shown in Fig. 5 . During the operation of the angle-gate circuit, the tracking error signal (e) is within the angle gate width. Thus, the (e) signal passes the anglegate circuit without any distortions, and then it is applied to the angle-offset circuit. Within this circuit the comparator does not detect any abrupt change in the (e) signal. Thus, the comparator output (Co) shown in Fig.6 , is neglected by the two parallel controller devices, and the final addition of offset signal (C) is zero, Fig. 7 . 
Case 2: Response with blinking jamming
Assume that the tracked target is centered between two blinking jammers, which are located at angular positions 5° and -5° w.r.t. the tracked target LOS. Thus, a blinking signal with 25% duty cycle is produced. Applying the proposed ECCM circuit, the jamming effectiveness is degraded, and the antenna heading keeps tracking on the target LOS with very small angular error. The input tracking error signal to the model circuit is shown in Fig. 9 , where the blinking jamming starts at t=5 sec. Within the angle-gate circuit, the first controller produces a control signals (0/1), Fig. 10 , for zeroing the induced angular error by the first jammer, Fig.11 . While the second controller produces a control signal as shown in Fig.12 , for zeroing the induced angular error by the second jammer, Fig. 13 . Then, the circuit output signal (x4) is applied to the angle-offset circuit. exceed the adjusted thresholds. Then the resulting signal is amplified by gain (G=-2) in order to produce the additional offset signal, Fig. 15 , which is added to the angle gate circuit output (x4) in order to produce the offset angular error in the opposite direction, Fig. 16 . The resulting antenna heading keeps tracking on the target LOS with small angular error, Fig. 17 . The antenna LOS angle, with and without applying the MBJ ECM technique is shown in Fig.18 , since it is obtained by integrating the heading angle with time. It is clear that at the time of starting the blinking jamming the antenna will be deviated away from the target LOS, and then starts oscillating between the two jammers angular positions. However, the target LOS will deviates about one degree, but target will stay in the FOV missile seeker antenna. The antenna succeeds to hack on the target LOS. Due to jamming an abrupt change can occur in the tracking error. This change can be sensed by the angle-offset circuit, which develops an equal and opposite error signal used to force the antenna into the opposite direction. This process may be monitored to ensure closed loop operation, and to prevent error accumulation, which might yield the antenna position to keep changing around the target LOS. The simulated input tracking error signal (e) to the proposed ECCM is shown in Fig. 19 , which attains -0.6 volt abrupt change in its value at t=5 sec. However, the target LOS angle is still within the angle gate thresholds, which is adjusted to be -0.8: 0.8. Thus, the input error signal is able to pass the angle-gate circuit without any processing. Within the angle offset-circuit, the abrupt change (0.6 volt) in the input signal (x4) is sensed, and an offset signal corresponding to this change is developed, which is equal in amplitude and opposite in direction w.r.t that change. The comparator output signal (Co) presents the sensed abrupt change in its input signal, Fig. 20 , while the two parallel controller devices work for zeroing the Co signal whenever it does not exceed the adjusted thresholds. Then the resulting signal is amplified by gain (G =-2) to produce the additional offset signal, Fig. 21 , which is added to the angle-gate circuit output (x4) for producing the offset angular error in the opposite direction. The resulting antenna heading keeps tracking on the target LOS with small angular error, Fig. 22 . 
Integrated Seeker with Missile Guidance and Control Model
In this section, an integrated seeker model associated with the proposed ECCM circuit with missile guidance and control process is presented. The purpose of integration is to measure the performance of the proposed technique in typical missile target engagement scenarios. Random target maneuvers are other uncertain state for the radio seeker. Miss distance and missile dynamic are recorded for performance measure. Well-known proportional navigation [12] [13] guidance method is utilized for Table. 1.
Missile Response to MBJ:
The MBJ method attempts to attack the tracking dynamics of the angle-tracking radar. The simulated MBJ ECM scenario is shown in Fig. 23 , where there are two blinking jammers staying behind the attacking target, and out of the missile coverage range. The jammer sources turn ON and OFF by rate within the pass band of the angle-tracking servo (e.g., 0.1 to 10 Hz). In the shown scenario one of the jamming aircraft is designed to be a master and the other one is slave. The master aircraft provides master control of the sequential blinking by radiating its blinked noise into an antenna on the other slave aircraft. The noise power provided by the two jamming aircraft must be higher than that radiated by the attacking aircraft as their distances to the missile are greater. There is a time delay ( s t ) involved between the time that the master jammer signal is tuned OFF and the time that the slave noise jammer is turned ON. The integration step size is fixed for the most flight ( t ∆ =0.1 sec). The program is terminated when the closing velocity changes its sign, which means that the relative range between missile and target is the minimum. The simulation results are carried out for four runs. The first two are conducted to one jamming -BJ-with and without applying the proposed ECCM while results are presented in Fig. 24-27 . The second two scenarios are conducted for MBJ with ECCM and without ECCM as shown in Figs. 28-33. The missile missed the target in both cases when the ECCM circuits are not utilized. While with applying the proposed ECCM the missiles seeker is able in both cases to degrade the effectiveness of the BJ and MBJ. The missile satisfactorily hits the attacking target with small miss-distance (one meter in case BJ and 15 meters in case of MBJ).
While considering noisy data in the presence of various sources of uncertainties the following results are recorded in Table 2 . The proposed ECCM circuit the missile will be able to degrade the effectiveness of a uniform noise yet severe target maneuvers in presence of noise and jamming is an environment for more research to be conducted. th ICEENG Conference, 27-29 May, 2008 EE214 -14 
